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INTRODUCTION 50
7 mass (T/R ratio) was calculated. Although the roots reached the 158 bottom of the pot and circled a little, we did not find intertwining roots 159 at the end of the experiment. 160 161
2.4
Measurement of leaf gas exchange 162
To assess the accumulative effect of O 3 on leaf photosynthesis, gas 163 exchange was measured for fully expanded sun leaves at the end of the 164 experimental period (September 1st, 2009 ) before the first frost came. 165
The measurements were carried out using a portable infra-red gas 166 analyzer (Model 6400, Li-Cor instruments, Lincoln, NE, USA), at 167 controlled values of the leaf temperature (25 °C) and the leaf-to-air 168 vapour pressure deficit (VPD, 1.2 kPa); details are the same as in 169 Watanabe et al. (2011a) . For the measurements, three seedlings per 170 treatment-chamber combination were randomly selected for the 171 measurements. The intercellular CO 2 concentration (C i ) response 172 curve of the net photosynthetic rate (A), i.e., the A/C i curve, was 173 obtained by measurements over 12 steps of CO 2 concentration in the 174 leaf chamber (C a , 50-1700 μmol mol -1 ). We determined A at growth 175 CO 2 concentration (i.e., 380 μmol mol -1 for CF and NF treatment, 176 A growth ) and at 1700 μmol mol -1 (A max ), and determined the stomatal 177 conductance at growth CO 2 concentrations (G s ). The maximum rate of 178 carboxylation (V cmax ) and the maximum rate of electron transport 179 (J max ) were calculated from the A/C i curve (Farquhar et al., 1980; Long 180 and Bernacchi, 2003 Leaf nitrogen (N) contents were determined by gas chromatography 192 (GC-8A, Shimadzu, Kyoto, Japan) after combustion with circulating11 phosphate (e.g., Farquhar et al., 1980; Sharkey, 1985) . 266
Ambient O 3 at the somma of Lake Mashu stimulated the growth of 267 the white birch. There was no reduction in photosynthetic capacity of 268 the white birch leaves exposed to O 3 at the ambient level and the 269 individual leaves were larger in the NF than CF treatment, thereby 270 increasing the total attached leaf area. Gross carbon assimilation per 271 plant may therefore have been enhanced due to the increase in total 272 leaf area. In general, O 3 however reduces leaf size and area in 273 deciduous tree species (e.g., Matyssek et al., 1993; Oksanen, 2003) . Tables  472  Table 1 
